Our conscious day-to-day self is often described as the "tip of the iceberg" of a much greater cognitive system. The edge of the water divides the phenomenal self from the sub/unconscious underlying it. Similar to an iceberg, the unconscious activity below the water vastly outweighs the conscious activity above it. What exactly lies beneath the surface of this murky water is a tantalizing topic of research and theory. The current research predominantly focuses on the physiology of the brain and the default mode network has been identified as an intrinsic mode of functioning. It is well known that autonomic nervous system sympathovagal balance orchestrated by the central autonomic network is strongly associated with modulation of cardiac, respiratory rate and other visceral physiological activity. In this article, we use existing research and a novel theory to tie together the default mode network, the autonomic nervous system, and non-neural physiology to describe a hypothesis on a greater biological system from which intrinsic brain activity may be founded. This hypothesis is that intrinsic brain activity and connectivities are significantly founded on activity of the body. We review how cardiorespiratory and other rhythms and electrical activity of the body may modulate and even underlie fundamental activity of the human brain and ultimately the mind. A more holistic biological system that could interface the brain and body via mechanisms such as neurovascular coupling would more accurately describe the nature of neural systems. Greater knowledge on the association and interface of brain and body via isomorphic physiologic counterparts to mind may carry profound implications in understanding intrinsic activity of the brain, consciousness, mind, and mental illness.
Introduction
Embodied cognition is a set of hypotheses that the brain is not the sole cognitive resource and that our bodies play a significant role in various aspects of mind [1] . Theories of embodied cognition describe how at least some cognitive processes are best conceptualized as a dynamic interaction between neural activity of the brain and somatic activity of the body [2] . In addition to the extension of cognitive facilities to the body, this approach has been considered radical because it rejects the "mind as a computer" metaphor [3] . In describing the intimate relationship between neural activities of the default mode network (DMN), the autonomic nervous system (ANS), non-neural physiology of the body, we extend this approach to intrinsic cognitive systems, propounding and supporting the hypothesis that processes of the body significantly underlie the emergence of mind. In doing so, the massive body of ice (un/subconscious physiology) under the tip of the iceberg (conscious self) of mind may be revealed. The central nervous system is known for its capacity to learn, perceive, and make decisions; however, neural activity is not the only biological processes which implement informational systems from which cognitive abilities emerge [4] . For example, non-neural animal cells, tissues, and organs have been shown to sometimes behave similar to neural networks [5] , demonstrating the use of memory [6] [7] [8] , computation [9] , and decision making often via electrical mechanisms [4] [10] . Neurons in the body also may do high level processing; neurons in the skin perform edge detection [11] . The electrical mechanisms used by neurons evolved from cellular properties which themselves evolved long before neurons did [12] [13] . Thus in the evolutionary sense, non-neural activity underlies neural activity. In this article, we extend the assertion made by many that visceral activity of the lungs [14] [15] [16] [17] [18] , heart, gut, and their peripheral, autonomic nervous system counterparts [19] may underlie or at least significantly influence basic bioelectric activity in the brain [20] of which a greater, global bioelectric architecture has been proposed to be isomorphic to phenomenal consciousness [21] [22] [23] . Phenomenal consciousness is best defined as "pure experience" [24] . In supporting this assertion that non-neural activity may underlie neural activity we review here the literature which has analyzed this possibility.
Patterns in breathing have been believed by many since ancient times to be a powerful force in modulating and medically treating the mind as well as fostering a variety of spiritual states with many religions and ancient philosophies identifying breath with the soul [25] . Modern medical research is beginning to reveal scientifically the power breathing can have on the mind and body [26] Breathing techniques are even used by the military to maintain composure and reduce stress [27] . We have previously described a layered hierarchy of mind of which cardio-respiratory and DMN network activity is at the foundation [28] ( Figure 1 ). Researchers with predominant theories on the "tip of the iceberg" of mind have described the relatively massive unconscious system underlying it to This image illustrates a theory on a hierarchical nature of bioelectric activity of mind which highlights the idea that bodily activity lies at the base of this hierarchy. Panel (a) is of particular interest for this article as it illustrates the base layer of slow neural oscillations of the default mode network and cardiorespiratory activity underlying it. This creates a foundation for all other layers of oscillatory activity and is depicted by the blue coloring. Slower oscillations do indeed underlie and entrain faster ones in the brain and so it may follow that even oscillations of the body may do the same. The 3D Default Space is labeled in this panel which is a theoretical phenomenal space isomorphic to a bioelectric framework which not only spans the brain but extends to the body. Panels (b) and (c) show the higher layers of the hierarchy which consist of increasing frequencies of oscillations and more complex cognitive systems. Panel (d) combines these layers to form the sum of human neural activity consisting of all neural and physiological oscillations. Previously published in [28] , permission by CC-BY.
be composed of the basic physical operations of neurons [21] while the glia, vessels, etc. are most often left out [29] . In this article, we propound this unconscious system includes basic cardio, respiratory, and other rhythms of the body in a holistic manner. Thus, we aim to reassess the nature of bioelectric neural oscillations and intrinsic networks by linking them to physiological rhythms from the body. [33] . We assert that RDoc is also incomplete without including certain body rhythms as one of its domains. In addition to helping the ill, the healthy could benefit from this understanding by harnessing the power body rhythms have to modulate the mind and unconscious bodily processes, potentially allowing one to control their mental state, endurance, and even such unconscious processes as immune reactions.
The Default Mode Network
In 1929, when electroencephalography was introduced, the brain was found to be continually active even when at rest [35] . Although this finding was initially rejected, evidence of such activity during undirected mental states began to accumulate [36] . Early research by Raichle and others leading to the technical identification and acceptance of a default mode of brain function [37] [38] [39] brought the default mode network into its own field of study [36] . A Modern view on the DMN suggests it largely provides a coherent phenomenal sense and cognitive representation of the self [40] [41] [42] [43] and that it varies in connectivity during differing states of self-referential functioning. It includes the brain areas of the posterior and anterior cingulate cortex, medial prefrontal cortex, inferior parietal cortex, hippocampal formation, and the precuneus [44] [45]. It was traditionally thought of as one system, but is now thought to be better conceptualized as composed of three integrated modules, each module contributing its own unique self-referential function [46] . The functional connectivity of these modules can change in opposing directions during certain states [47] . The three modules of the DMN include a frontal module (first-person perspective and agency), a posterior-right module (embodiment, autobiographical memory), and a posterior-left module (reflective-agency) [46] . The DMN is essential to normal mental functioning and abnormal DMN activity is evident in a variety of altered states [48] [49] and disorders including Alzheimer's [50] , autism [51] , schizophrenia [52] , and Parkinson's [53] .
Assuming that the default phenomenal state of being for a healthy person is the virtual replication of the internal and external world [21] [23] [54] [55] , the sense of self and even the perception of having personal thoughts which are both strongly correlated with the DMN could can be considered a part of that model/simulation [56] [57] [58] . Thus, we assert the DMN plays a key role in modeling the virtual self within a greater virtual simulation. Metzinger has described the self as an illusion in that it is only a model of our mental and physical being with no technical basis in physical reality [56] . Trehub however acknowledges the simulation of the self, but insists it does have a real basis in a minimal self-referential neural system [57] which we assert would be the DMN. Functional connectivity of the resting state DMN is often defined by blood-oxygen level dependent (BOLD) signals [59] . The BOLD signal forms the basis of func- tional magnetic resonance imaging (fMRI) and is known to often correlate strongly with the bioelectric local field potentials [60] . The BOLD arises from electrical changes in oxy-to deoxyhemoglobin in the blood which reveals brain metabolism [59] . In healthy individuals, the patterns of BOLD activity in the DMN correlate with bioelectric oscillations such as those in the alpha band [61] [62]. In the resting state, the DMN exhibits BOLD fluctuations around 0.1 Hz which are correlated across distant regions of the brain [63] . Functional connectivity mapping of the DMN is thought to confuse identification of the DMN with respiratory and cardiac signals and that the respiratory related signals are artifacts that need to be separated [64] . We assert however that these signals are evidence of respiration/cardiac activity molding DMN connectivity. We aim to link the abnormal DMN activity seen in somatic maladies to altered somatic processes, thus revealing how the DMN is influenced and/or shaped by non-neural processes. Increased DMN integrity and activation in the anterior module is associated with depressive rumination and anxiety [65] [66] . Other somatic illnesses that result in altered DMN function include obesity [67] , sleep apnea [68] , respiratory disorders [69] , gastrointestinal disorders [70] , cardiac/vascular disorders [71] , and others [72] . In our perspective, the abnormal DMN state of these disorders can be explained by the altered non-neural processes of the body which then influence the brain. We suggest these unconscious processes may include oscillations of oxygen and blood pressure in the vasculature, diverse sensory afferents, bio-molecular changes originating in the body, chemical signals and processes carried out by the micro-biome of the gut, and theoretical oscillations in bioelectricity which may reach the brain.
The Central Autonomic Network
The autonomic nervous system is unique in that its neurons exist in the body instead of the brain. Therefore, it has an important role in interfacing the two. We assert a much more intimate relationship between the autonomic nervous system and its cortical regulation networks and the DMN. The ANS is of top importance in everyday life and regulates a wide array of bodily functions [73] . We suggest that it also provides another mechanism for a holistic mind-body system allowing bodily activity to modulate if not underlie brain activity. Peripheral activity of the ANS is controlled by a variety of sites in the central nervous system, the central autonomic network (CAN) [73] . We stress the bi-directional nature and thus the existence of a unified system between this peripheral activity and the CAN and intrinsic brain networks. It is interesting that this network and the DMN share similar some anatomical sites including both angular gyri, both temporal poles, the posterior cingulate cortex, ventromedial prefrontal cortex, and precuneus [74] . In part because of this anatomical overlap, it has been suggested that the DMN is a high-level component of the CAN [75] .
We and others suggest the overlap between the DMN and CAN may connect the self-referential activity to the bodily activity of the embodied but virtual R. Jerath, C. Beveridge World Journal of Neuroscience self-model created by our brains. Activation levels in the CAN are generally stronger in the sympathetic state than in the parasympathetic [73] . We suggest that this is in part due to the strongly increased bodily activity during this state and that is it not just the brain sending increased activity to the body however, but the somatic activity potentially underlying neural activity is stimulating increased activity in the brain. The DMN is correlated with parasympathetic functions and anatomical localizations of the CAN and for the most part anti-correlated with sympathetic functioning and localization [73] . The parasympathetic division is focused on internal physiological function while the sympathetic state is purposed for external task-positive activity. Thus, it would make sense that the DMN, being a self-referential cognitive system, would be associated with self-based activity of the parasympathetic instead of the environmentally focused sympathetic state [36] . We will discuss how this may indicate a mechanism for somatic shaping of DMN function.
Vascular Dynamics and Cognition
Data generated from certain types of brain imaging such as functional magnetic resonance imaging convey hemodynamic changes that imply metabolic demand due to neural activity [76] . Although the local vascular changes that are observed in the brain during neural activity have been traditionally thought to be a unidirectional system modulated by neural activity, recent research is showing that vascular dynamics such as vasomotion (low-frequency oscillations in capillary radius) modulate and precede neuronal firing [29] [77] [78] , and thus may be considered to be involved in cognition. Oscillations in oxygen and glucose influence neural ATP production, potentially entraining neural activity, likely assisted by astrocytes. Thus, a greater cognitive system may be formed when including the glia and vessels, providing a further means for the body to influence neural activity. Vessels in the brain receive blood from the body, and the number of these cerebral vessels is estimated to match the number of neurons in the brain at 100 billion [79] , with most being finely dispersed capillaries [29] . Hemodynamic activity of these vessels occurs before the corresponding neural activity [76] , in part suggesting that vessels play an important role in computation [77] and that the neuro-glial-vessel complex could be the most fundamental cognitive unit of the brain [78] .
The system described not only consists of interactions between the neurons and capillary vessels, but the capillaries that feed the neurons interact among themselves via vaso-mediators [80] which are chemical signals underlying vascular changes [29] . Vascular dysfunctions related to these dynamics are associated with cognitive impairments [81] . Much more research is needed, but current research suggests that vascular dynamics do indeed play a key role in fundamental neural activity. This research has described an intimate connection between the slow hemodynamic BOLD oscillations and the fast bioelectric oscillations in the brain [82] [83] [84] . Resting state functional connectivities of the R. Jerath, C. Beveridge World Journal of Neuroscience brain such as those of the DMN which are not understood through anatomical connections alone may instead be understood instead via vascular dynamics [59] . Collective, intrinsic, contractile oscillations of the vessel walls, vasomotion, occur around the 0.1 Hz of BOLD oscillations [85] which may tie them to the DMN.
If the vascular network has been left out of the current understanding of information processing in the brain, then it may be that there are further components left out of current models of fundamental cognitive systems which largely only consider neuronal systems. A greater model of a more global system may be formed from this neuro-glia-vessel cognitive system by including rhythms of the heart and lungs. Similar to how vascular rhythms are proposed to influence neural activity, by modulating oxygen, glucose, temperature, and lactate [29] [77], respiratory and cardiac rhythms would also influence the delivery of these resources to neurons. Oscillations of these bodily rhythms could thus modulate neural oscillations via oscillating metabolic resources delivered by the vessels.
While individual neurons and their glial partners can influence local vascular activity [78] , body rhythms would be best suited to modulate, entrain, or even underlie vascular dynamics on a global level. Similar to how low frequency bioelectric activity is shown to group, modulate, and entrain the more localized high frequency activity [16] [86] [87] [88], we posit that the even lower frequency cardiorespiratory and possibly other rhythms of the body could have similar entraining effects on the low frequency bioelectric oscillations.
Rhythms of the Body to Rhythms of the Brain
Not only does the state of the mind affect the body, but the physiological state of the body can influence various aspects of mental activity such as attention and memory encoding [89] [90] . Respiration in relation to brain activity has a long history of therapeutic application; however, the physiology of this link remains a mystery [16] . Respiration control is a fundamental aspect of ancient meditative practice [91] , and is thought to be the main candidate underlying benefits from meditative practice [92] . These benefits include improvements in immunological functioning [93] , general physical function and health [94] , cardiopulmonary health [95] , stress-resistance, attention control, and general cognitive functioning [96] . The dominant breathing technique across traditions is the slow-rate, deep inhalation style [92] .
Although no direct explanation for the link between respiration and cognition has been founded, several authors have posited various ways of how the well-known effects respiration modulation can have on this mind arise [91] [92] [97] [98] .
Ourselves and others suggest that respiratory sensory inputs (potentially all sensory inputs) and other respiratory mechanisms modulate and even in many senses underlie [20] the bioelectric neuronal synchronization from which consciousness is suggested to emerge [99] . Respiration is special when it comes to the body-mind system as unlike most bodily rhythms, we have the power to R. Jerath, C. Beveridge World Journal of Neuroscience consciously control its activity. The Respiration rhythm is indeed observed to entrain bioelectric oscillations across the rodent and human brain ( Figure 2) and is suggested to aid in long-range communication due to its global effects [100] .
Gas exchange via the lungs is one of the most important physiological functions of the body, but there are many effects on mental and somatic state by respiration that cannot be explained by this gas exchange. One avenue for the effects of respiration is its influence on the heart and heart-rate variability. This relationship links respiration to blood flow and blood pressure changes in the brain which may modulate neural activity. Slow, deep breathing in particular has shown to immediately reduce blood pressure and heart rate [102] . Unexplained immediate effects due to respiration (inhalation vs. exhalation) include changes in motor control/force [103] [104] , reaction time to sensory detection [17] , and perception of pain [105] . The vagus nerve has been asserted to be the medium for respiratory-cognitive effects as this cranial nerve is modulated by respiration, being stimulated by slow breathing cycles [106] . The vagus nerve is mostly afferent, conveying to the CNS the homeostatic state of the viscera [107] . While this is likely an important medium for these effects, we assert a stronger role of other mediums we will discuss. Figure 2 . Respiration Entrained Brain Rhythms. These panels reveal simultaneous recordings of respiration and various bioelectric brain rhythms from across the rodent and human brains. These clearly illustrate that these respiratory patterns entrain brain activity. Panel a contains two graphs that show simultaneous recordings of respiration depth and corresponding brain activity in two areas of the somatosensory cortex of the awake mouse. One graph (right) shows a faster respiration rate which results in higher frequency bioelectric oscillations than the slower rate (left). Panel b shows human respiration rate and simultaneous recording from the Piriform cortex. Panel c shows Human respiration rate compared to simultaneous recording from the hippocampus. Rodent recordings adapted from [101] . Human recordings adapted from [100] (Copyright permissions obtained from Copyright Clearance Center ©).
A close connection between the heart and the brain may reveal the nature of our association to many mental states with it. In many cultures and since ancient times, the heart has been metaphorically and literally attributed to certain emotions, such as love, and altruistic acts [108] . The heart is sometimes referred to as the "little brain" and has its own intrinsic network of neural plexuses and ganglia heavily influencing its functioning and afferent signaling the brain [109] . This intrinsic network even exhibits memory [109] . The heart actually sends more afferent signals to the brain than efferent signals it receives from it. Having a "broken heart" (Takotsubo Syndrome) can be caused by severe negative emotional and stressful states and can disrupt functional connectivity of the DMN [110] . This may suggest that the heart plays a critical role in DMN function.
Although the DMN has been strongly associated with the 0.1 Hz BOLD oscillations as discussed, it has more recently been associated with similar frequency infra-slow bioelectric oscillations recorded in the electroencephalogram (EEG) [111] . These infra-slow bioelectric oscillations have themselves been asserted to be extraneuronal in origin [112] , and a proposed to reflect the same underlying neurophysiological phenomenon [111] . Fluctuations of arterial blood pressure (Mayer Waves) are also 0.1 Hz and correlated with the hemodynamic oscillations of the BOLD signal [113] . These hemodynamic oscillations are indeed strongly suggested to generate these infra slow bioelectric oscillations and this are an electrical counterpart to the hemodynamic activity [112] . It is also suggested that other spectra of bioelectric oscillations also have a hemodynamic counterpart [112] . This would in part explain the correlation of body rhythms with the bioelectric oscillations of the DMN and may further suggest in what manner body rhythms may influence the shaping of DMN connectivity. Figure  3 shows the bioelectric and hemodynamic measurements described.
Due to the suggested nature of how vascular dynamics underlie neural dynamics, variations in breathing style may exert the well-studied modulatory effects on mind via these vascular dynamics. We assert that via these vascular dynamics, metabolic activity of the neuro-glial-vessel complex could help shape intrinsic brain networks such as the DMN. The oscillatory activity of individual neurons is fundamental to the bioelectric frequencies of neural assemblies [114] . Thus, these metabolic oscillations may form a basis for widespread and dynamic bioelectric oscillations to be formed. As discussed, the DMN is highly correlated with parasympathetic activity. Considering a holistic system where the body and mind significantly influence each other, we suggest parasympathetic activity of the body initiated by the brain may in turn shape brain activity. In light of the research on bodily and neural rhythms, we assert that the slow respiratory rhythms stimulated by parasympathetic activity shape the BOLD oscillations which underlie DMN connectivity via vascular and other dynamics discussed. The slowed respiratory cycle during the parasympathetic state drive BOLD oscillations to a slower state and thus shape DMN connectivity. The fast respiration frequencies of the sympathetic system may functionally disconnect the DMN and promote task-positive networks via modulation of BOLD dynamics as well. 
A Novel Body Rhythm
Adding to the current literature describing how non-neural activity may underlie neural activity, we propose a novel theory on relationship between the body and mind. We propose that bioelectricity across all cells, not only the sensory afferents feeding to the CNS, are one major medium by which the body modulates the mind. We thus suggest the bioelectric, unified metastable continuum, an operational architecture of multiple levels of synchrony which is suggested to produce consciousness [115] , actually extends to the body. While this continuum arises from dynamic and complex electric field interactions in the brain largely due to action potential generation, bioelectricity is a component of most if not all cells of the body [116] . Although somatic cells do not generate action potentials, many communicate electrically [116] . Bioelectric networks which perform cognitive acts in the brain may do the same in the body [117] . Non-neural changes in membrane potential are suggested to be a key component in this somatic computation [118] . While long-term somatic electrical activity has been found to be involved in development and regeneration [119] , we assert short-term activity in the form of oscillations may have a deeper role as the base of the iceberg of mind.
We have previously proposed a novel body rhythm which may explain a variety of instantaneous effects observed due to respiration. This rhythm is the distribution of free electrons throughout body and brain from and generated by the lungs [120] . We have proposed that electrons are "harvested" from oxygen via redox reactions in the lungs during inspiration and travel via conduction to In this way, inspiration modulates membrane potential in a rhythmic fashion identical to the rhythm of inspiration via hyperpolarization of the cellular membrane potential. Respiration does indeed appear to entrain neuronal membrane potential in this fashion (Figure 4) . Upon, expiration, depolarization would occur as the electrical currents are drawn back out of every cell and released in carbon dioxide. This process would repeat upon each breath, creating a global rhythm across the body and brain which would homeostatically unify a variety of processes throughout the body-mind system.
If these currents exist, then they may work to shape intrinsic bioelectric activity of the brain such as the activity of the DMN. The dynamics and correlations between respiration and brain activity may better be described by this electrical current rhythm of the lungs than by the other rhythms described in this article which still play some role. These currents may form the base of a frequency based hierarchy of a bioelectric architecture proposed to be isomorphic to the conscious mind [28] [115] . As mentioned previously, slower frequency bioelectric activity is known to entrain faster activity. A bioelectric rhythm identical to the respiratory rhythm would thus provide a foundation for all faster frequency to build and would provide an explanation for the powerful effects respiration has on neural oscillations and bioelectric activity of the body such as heart rate variability. These electrical currents may also provide a very efficient energy delivery mechanism by providing electrons to cells throughout the body to be used for metabolic purposes. In testing this hypothesis, simultaneous monitoring of respiration pattern and cellular membrane potentials from across the body and brain would reveal if membrane potential oscillations do indeed match oscillations in respiration.
Conclusions
The current understanding of the DMN BOLD oscillations is that these infra slow oscillations around 0.1 Hz and the infra-slow bioelectric oscillations associated with them are associated with self-referential cognitive processing. Based on our review of literature including findings from cardiorespiratory physiology, the DMN oscillations provide a foundation for faster oscillations that are involved with cognition. We have asserted a hypothesis on the basis of DMN and intrinsic brain activity as being founded on bodily rhythms. These DMN oscillations may create a virtual structure which is the basis of mind, a "self" within a 3D space which constitutes a replication of the internal and external world.
This provides a virtual structure for the virtual isomorphism of the faster oscillations to build upon. The oscillations can also be considered "energy" oscillations as they further provide a metabolic and bioelectric foundation for higher oscillations and these DMN oscillations may primarily be conducted by astrocyte syncytium. We have asserted a novel coordination mechanism of neurovascular activity generated from the cardiorespiratory system that repolarizes and depolarizes such a neuro-glial complex. It is evident that the respiratory and other bodily rhythms have significant influence on intrinsic brain activity but this significance is debated. The exact role of unconscious visceral rhythms of the body and the influence of the peripheral nervous system on the formation and structure of central nervous system activity is not fully understood. Our hypothesis on the importance and potential mechanisms of such peripheral activity on the formation of mind may shed light on this mystery.
The brain needs significant energy for its functions and resting state networks;
for example the DMN consumes a majority of this energy. For neural activity to be maintained, fast re-polarization mechanisms are required. We have asserted a mechanism that may provide this functionality based on respiration rhythm.
The 0.1 Hz rhythm frequently is indistinguishable from respiratory rhythm. This rhythm is also noted to be associated with heart rate variability and other peripheral rhythms suggesting a mind body connection that is fundamental to intrinsic cognition and we have proposed that it provides energy and order for the faster rhythms to form in the form of rhythmic electrical currents originating in the lungs. It is important to recognize and further investigate the nature of this rhythm for a better understanding of mind and the functional origin and purpose of neural oscillations and this may reveal new understandings of the neuropathology of a variety of disorders.
